We evaluated income-and education-related inequalities in blood pressure, hypertension and hypertension treatment in the general population of Trinidad and Tobago. The design included survey of 300 households in north central Trinidad, including 631 adults in 2001. Measurements of blood pressure, weight, height, waist and hip circumferences, and educational attainment, household income and alcohol intake by questionnaire. The slope index of inequality (SII) was used to estimate the difference in blood pressure between those with highest, as compared to lowest, socioeconomic status. Complete measurements and questionnaires were obtained for 461 (73%) including 202 men and 259 women. In women, after adjusting for age and ethnicity, the SII for systolic blood pressure by income was À12.6, 95% confidence interval À22.6 to À2.6 mmHg (P ¼ 0.013); and À10.8 (À21.4 to À0.2) mmHg (P ¼ 0.045) by educational attainment. After additionally adjusting for body mass index, waist-hip circumference ratio and self-reported diabetes, the SII for income was À7.3 (À16.5 to 1.9) mmHg (P ¼ 0.120) and for educational attainment was À3.0 (À13.0 to 6.9) mmHg (P ¼ 0.551). In men, after adjusting for age and ethnicity, the SII for systolic blood pressure by income was À4.3 (À15.4 to 6.8) mmHg (P ¼ 0.447) and for education À8.1 (À19.0 to 2.8) (P ¼ 0.145). There is a negative association of systolic blood pressure with increasing income or education in women. This is associated with body mass index, abdominal obesity and diabetes. There is no consistent association between education or income and blood pressure in men.
Introduction
High blood pressure is an important cause of mortality and morbidity. In the World Health Report 2002, it was estimated that high blood pressure caused 13% of all deaths world-wide and 4.4% of disability adjusted life years lost (DALYs). 1 The burden of disease was greatest in high-income countries, but in 'low mortality developing countries' high blood pressure was estimated to account for 12.7% of deaths in men and 15.1% in women (World Health Organization, 1 p. 86, Table 4.9). As well as varying between countries and regions, the burden of high blood pressure varies between socioeconomic groups within populations. In high-income countries, blood pressure and hypertension appear to be negatively associated with socioeconomic status. In their systematic review, Colhoun et al 2 identified 50 studies from high-income countries which evaluated socioeconomic inequalities in blood pressure or hypertension after allowing for age, of these 42 showed that higher socioeconomic status was associated with lower blood pressure or a lower prevalence of hypertension, while the remainder showed no association. Adjustment for known risk factors suggested that variations in body mass index and alcohol consumption accounted for part of the socioeconomic variation in blood pressure. Colhoun et al 2 noted that the association of blood pressure with socioeconomic position was stronger and more consistent in women than men.
The relationship between blood pressure and socioeconomic position in middle-and low-income countries is less clear. In Colhoun's review, 2 among nine studies from 'developing countries' which reported on the association between socioeconomic status and hypertension, four showed a negative association between socioeconomic status and hypertension, four showed a positive association and one showed no association. Among seven studies reporting on blood pressure, four showed positive associations between socioeconomic status and blood pressure, one showed a negative association and one showed no association. Two studies were included from the Caribbean region, Dressler's study in Jamaica 3 showed that blood pressure was positively associated with social class for men, but negatively for women. In Hutchinson's study from St Vincent, 4 blood pressure was positively associated with years of education in men but negatively associated in women. A recent study from Jamaica 5 suggested that there was a U-shaped relationship between income and blood pressure, women with either high or low incomes had higher blood pressures than those with intermediate incomes. In this study, the effect of income in men appeared to vary according to educational level. 5 Middle-income countries are regarded as being at an earlier stage of epidemiological transition than high-income countries, 1, 6 and theoretically there are opportunities to modify the evolution of the burden of noncommunicable diseases that already affects high-income countries. 7 A related question concerns whether middle-income countries avoid the development of socioeconomic inequalities in cardiovascular diseases and associated risk factors which disadvantage the poor. At present there is a lack of evidence concerning the evolving distribution of high blood pressure in middle-income countries. The limited information available shows a lack of consistency which may perhaps be explained by the diversity of populations included in studies to date. More information is therefore needed from countries at different stages of epidemiological transition.
This report presents an analysis of data from the population of Trinidad and Tobago. This is one of the more affluent middle-income countries of Latin America and the Caribbean. The reported estimate for gross national income (GNI) per capita was approximately US$4930 in 2000. 8 Based on a comparison of statistics, this is approximately 20% of the level in the United Kingdom and 14% of the level in the United States but 189% of the level in Jamaica. The purpose of this report is to determine whether there are socioeconomic inequalities in blood pressure and hypertension, and to explore the extent to which these may be explained by known antecedents of hypertension, or by variations in hypertension treatment. In view of the evidence that relationships differ by gender, analyses were performed for men and women separately as well as together.
Methods

Subjects
The sampling design and survey methods have been described in a previous report. 9 The sample was drawn by the Central Statistical Office. The target area was one of the constituencies in north central Trinidad which was considered to provide a good representation of the ethnic and socioeconomic characteristics of the population of Trinidad and Tobago. We decided to take a sample of approximately 300 households, based on the resources available for the survey. A two stage sampling procedure was used. At the first stage, 15 out of the 66 enumeration districts (EDs) in the constituency were selected. This was done by ranking the EDs according to size (number of households), then after a random start, EDs were systematically selected. At the second stage, a cluster of approximately 20 households was randomly selected from the clusters in each ED. The fieldworkers visited each household, enumerated all adults and invited adults aged 25 years and over to participate in the survey. Fieldwork was done in 2001.
Questionnaire and measurements
Subjects were asked to complete an interview administered questionnaire. Many of the questionnaire items were adapted, with permission, from the reports of the Health Survey for England. 10 Subjects were asked whether they have, or ever had, high blood pressure, whether they were told by a doctor that they had high blood pressure, and if so whether they were currently taking regular tablets of medicines for high blood pressure. Subjects were also asked whether a doctor ever told them they had diabetes. A slightly modified version of the alcohol use disorders identification test (AUDIT) questionnaire was used to evaluate drinking habits. 11 For analysis, the AUDIT score was reduced to the values zero, one, two to three, four to five, six to seven, eight or more. Further truncation was performed for tabulation. A value of zero indicates no alcohol intake, and a value of eight or more identifies highrisk drinking. Questions about cigarette smoking were reduced to whether or not the subject was a current cigarette smoker. Subjects were asked whether salt had generally been added to food in cooking and whether they generally added salt to food at meal times. Physical activity levels were analysed using two global questions from the NHANES I study. 12 'Do you get much exercise in things you do for recreation (sport, walking for exercise, anything like that) or hardly any exercise or in between' and 'In your usual day, aside from recreation are you physically very active, moderately active or quite inactive'. The distribution of these responses has been reported. 9 Responses to these questions were strongly associated with more detailed questions concerning recreational, work and household activities. Subjects were asked about the monthly income of their household using 10 categories ranging from TT$200 or less (US$33.3) to TT$51 201 or more (US$8533.5). For analysis, the lowest three and highest three categories were combined. Subjects were asked 'How would you describe your ethnic group?' Responses were classified into the categories, 'African', 'Indian', 'white', 'Chinese', 'mixed', 'other' or 'not known'. This represented a shortened form of the categories used in the Trinidad and Tobago national census. 13 For analysis, the categories were further reduced to 'Afro-Trinidadian', 'Indo-Trinidadian', 'Mixed' and 'Other and not known'. Subjects were also asked about their personal educational attainment and employment status as described previously. 14 Measurements were made of height, weight, waist and hip circumferences, and blood pressure. The measurement procedures generally followed those used in the Health Survey for England 1994. 10 Height was measured using a portable stadiometer (Seca 'Leicester' height pole). The values were recorded to the last complete 0.1 cm and 0.05 cm was added at the time of analysis to correct the bias. Weight was measured using portable electronic scales (Soehnle) to the nearest 0.1 kg. Subjects were measured in light clothing, but without shoes. Waist and hip circumferences were measured using tape measures. Two measurements were made and if these differed by more than 2 cm, then a third measurement was taken. Fieldworkers also noted whether there was any difficulty recording either of the measurements. Blood pressure was recorded using an electronic digital blood pressure measuring device (Omron HEM 705 CP). This device has been shown to give valid results. 15 Measurements were made in the sitting position, with the subject sitting quietly for 5 min before measurements were taken. Three blood pressure measurements were recorded and the blood pressure was taken as the mean of the second two observations. The fieldworkers were trained thoroughly in standardised measurement techniques and a pilot study was done to evaluate measurements.
Analysis
For these analyses, age was taken as the difference between the date of birth and the measurement date. If the date of birth was not available, then the reported age plus one half was used. High blood pressure was categorised according to both the old criterion of BPX160/95 mmHg and the newer one of BPX140/90 mmHg or currently taking treatment for high blood pressure. In those reporting antihypertensive treatment, the blood pressure was considered to be controlled if the systolic blood pressure was less than 140 mmHg and the diastolic blood pressure was less than 90 mmHg.
Inequalities in blood pressure were evaluated using the 'slope index of inequality'. 16, 17 The cumulative proportion of the sample in each category of household income was estimated, and the midpoint was used as the code for that income category. Thus, the lowest income category, which included 17.01% of the sample, had the value 0.08505 and the highest income category, which included the top 9.54% of the sample, had the value 0.9523. A similar variable was constructed for education. These derived variables were fitted as continuous explanatory variables and the regression coefficient represented the difference in systolic blood pressure for those at the top compared with those at bottom of the income scale. Random effects models were fitted using maximum-likelihood estimation when outcomes were continuous and logistic regression models with robust variance estimates were used when outcomes were binary. In both types of regression model, we allowed for clustering by household. 18 
Results
There were approximately 300 households listed, and 631 eligible subjects were enumerated. Questionnaire responses were obtained for 548 (87%) and measurements were obtained and analysed as follows: body mass index 484 (77%), waist and hip circumferences 481 (76%) and blood pressure 464 (74%). After excluding cases with missing values on continuous variables, and one case with height recorded as 62.5 cm, data were analysed for 461 (73%) cases. After excluding cases with missing data for income, data were analysed for 388 cases; and for education-related inequality 432 cases were analysed. Cases with missing data for income had similar blood pressure to all others, but cases with missing values for education had lower blood pressures than all others. Response rates varied between clusters of households with more affluent areas giving lower response rates. Table 1 shows the distribution of the sample by gender. The mean age was 47 years ranging from 24 to 89 years. Compared with the general population of Trinidad, there was a slightly higher proportion of Indo-Trinidadians and a lower proportion of AfroTrinidadians. Most subjects had either primary or secondary education with only a small proportion receiving technical or university education. In terms of employment, 74% of men were in paid work and 16% were retired, while 50% of women were in paid work and 23% were engaged in 'home duties'. According to the definition of BPX160/95 mmHg or treated, 23% of men and 19% of women were hypertensive. According to the definition of BPX140/90 mmHg or treated, 38% of men and 27% of women were hypertensive. There were 11% of men and 14% of women who reported that they had diabetes. Table 2 shows the association of systolic blood pressure with demographic and anthropometric variables. Systolic blood pressure increased with age, was lower in women than men but there were no differences in blood pressure between ethnic groups. Systolic blood pressure increased by 0.65 mmHg for each unit increase in body mass index, and by 5.04 mmHg for each 0.1 U increase in waist-hip circumference ratio. Subjects with diabetes had systolic blood pressures approximately 6.8 mmHg higher than those without diabetes. The AUDIT score was not associated with systolic blood pressure after adjusting for these variables. Table 3 shows the distribution of systolic and diastolic blood pressure, and hypertension according to two definitions, in relation to household income. Results are presented for men and women separately. In these unadjusted data, both systolic and diastolic blood pressures were negatively associated with income in women but not in men. The prevalence of hypertension was also negatively associated with income in women only. Table 4 shows the distribution of blood pressure and hypertension according to education. There were relatively small numbers of subjects with university education, and these subjects tended to be younger than those with primary education only. In women, systolic blood pressure and the prevalence of hypertension were negatively associated with educational attainment, while in men there was weak Inequalities in blood pressureevidence that the prevalence of hypertension according to the WHO definition was negatively associated with educational attainment. Table 5 shows values for the slope index of inequality for systolic blood pressure in relation to income and Table 6 shows results for educationrelated inequality. Results are presented for the whole sample and for men and women separately. When men and women were considered together there was evidence of negative association between blood pressure and both income and education. A test for interaction with gender did not reach conventional levels of significance (income-related inequality P ¼ 0.255, education-related inequality P ¼ 0.154) but it was thought important to consider gender differences as these have been reported previously. In women, systolic blood pressure was negatively associated with income or educational attainment even after adjusting for age and ethnicity. The estimated difference in systolic blood pressure between those at the top and those at the bottom of the income scale was approximately 12.6 mmHg, 
Inequalities in blood pressure
while for education the difference was 10.8 mmHg.
The slope index of inequality was progressively diminished by adjusting for body mass index, waist-hip circumference ratio and self-reported diabetes, while adjustment for smoking, alcohol, salt intake (in cooking and at table) and physical (14) 125 (24) 80 (15) 95 (21) 
activity level (recreational and nonrecreational) or additionally for hypertension treatment appeared to be less important. Taken together these confounding variables accounted for much of the socioeconomic gradient in systolic blood pressure in women. In men, there was no consistent evidence for a gradient in systolic blood pressure with either income or education, and adjustment for confounding did not alter the estimated slope index of inequality. Table 7 shows the distribution of hypertension awareness, treatment and control according to income level. As there were 95 subjects with hypertension, income was reduced to three categories for this analysis. Overall, 67% of hypertensive subjects were aware of their hypertension, 51% were currently taking treatment and 11% had their blood pressure controlled. There was no evidence that people with higher incomes were more likely to be aware of their hypertension, or treated or controlled. Indeed, there was some evidence that those in with the highest incomes were less likely to receive treatment for hypertension.
Discussion
In Trinidad and Tobago, blood pressure and hypertension were negatively associated with income and education in women, while no consistent associations were observed in men. The relationship between blood pressure and socioeconomic status in women was independent of age and ethnicity, and appeared to be largely explained by adjusting for body mass index, waist-hip circumference ratio and self-reported diabetes with behavioural risk factors and hypertension treatment having less important effects. Our findings are consistent with the socioeconomic distribution of blood pressure and hypertension which is observed in high-income countries.
Comparison with other work
The epidemiological transition theory is viewed as describing and explaining processes through which the distribution of diseases and risk factors in populations change over time, and across geographical settings. 19, 20 Economic development is associated with improving living standards and better health conditions leading to a decline in infectious diseases and the emergence of noncommunicable diseases. These processes are more rapid in affluent groups, and cardiovascular diseases 21 and their risk factors such as obesity 22 or hypertension 23 may be associated with affluence in low-income countries. 
Inequalities in blood pressure
This contrasts with the situation in high-income countries where cardiovascular diseases and their risk factors are more consistently associated with lower socioeconomic status. 21 The studies reviewed by Colhoun et al 2 show that patterns of association of blood pressure and socioeconomic position are inconsistent in middle-income countries. Nogueira et al 25 reported on the associations of education, occupation and income with body mass index, systolic blood pressure, cholesterol and smoking in male subjects from 12 communities in seven countries in Latin America and South East Asia. Among the five Latin American countries, three showed a negative association of socioeconomic status with systolic blood pressure, while two showed no association. Chang et al 21 found that in younger women in Latin America and the Caribbean, greater education was associated with lower risk of stroke but there was no education-related gradient in risk of myocardial infarction. Two Jamaican studies, 3, 5 as well as a small study from St Vincent, 4 have provided some evidence for a positive association between blood pressure and socioeconomic position in men. However, these studies were carried out earlier in time, and in a country whose reported national income is about half that of Trinidad and Tobago. Our results suggest that at its present level of development, the distribution of blood pressure in Trinidad and Tobago now resembles the pattern seen in highincome countries. Middle-income countries can be viewed as occupying a transition between the positive association between socioeconomic position and blood pressure reported from low-income countries and the negative association reported from high-income countries. In this transitional stage, varying patterns of association may be anticipated.
Monteiro et al, 26 commenting on the distribution of obesity in Brazil, suggested that inequalities may vary between small areas, some showing positive associations between socioeconomic status and obesity and some negative. The local context may be particularly important with respect to inequalities in blood pressure because studies from Africa have consistently associated hypertension with urbanisation. 27 Rural farmers who have traditional diets and physical activity patterns, generally show a lower prevalence of hypertension than city living contemporaries. 23 Within urban environments in Africa, blood pressure is sometimes, 23 but not always, 28 associated with higher socioeconomic status. Our study was not a national survey because logistic constraints made it impossible to take a truly national sample. The study area was considered to give good representation of the socioeconomic and ethnic characteristics of the population, but according to some indicators 9 the sample was more affluent than we have obtained in a previous national survey. 14 It is possible that there is geographical variation in the association between socioeconomic measures and blood pressure in Trinidad and Tobago. However, we have observed a negative association between socioeconomic position diabetes-related morbidity 29, 30 in previous studies. Overall figures for hypertension treatment and control were broadly similar to those reported from Jamaica by Cruickshank et al 31 who found that 49% of hypertensive men and 69% of hypertensive women were treated, but control was generally unsatisfactory. In Trinidad and Tobago, there is good access to primary-care services either through government health centres or through private general practitioners. Government services are used more by low-income subjects but there is wide- spread use of both sectors by the same individuals. 32 A comparison of quality of care in the two sectors suggested that the nurse-led government services tended to be more effective at detecting and treating high blood pressure, 33 and this may explain why there was no evidence that low-income was associated with poorer detection and treatment of hypertension. In fact, there may be a need to improve standards of care for hypertension among private practitioners.
Limitations of study
The overall response rate was satisfactory but nonresponse tended to be higher in more affluent areas, and this could have attenuated the relationships identified. We used the slope index of inequality as a summary measure. Wagstaff et al 16 recommend the use of the slope index of inequality because it reflects the experience of inequality across the whole sample (rather than a pairwise comparison of categories) and it is sensitive to the distribution of the sample across socioeconomic groups. Fitting income as a categorical variable gave similar results with a difference in systolic blood pressure between highest and lowest income categories of À10.1 (À21.2 to 1.0) for women after adjusting for age and ethnicity. We assumed a linear association between socioeconomic position and blood pressure, which appeared to be justified by the data shown in Tables 3 and 4 . We estimated that the size of the sample gave about 80% power to detect a slope index of income-related inequality of À12 for the whole sample but the power was lower (approximately 50%) for men or women considered separately. We acknowledge that there was an appreciable risk of type II error in respect of the findings in men. Nevertheless, our findings are consistent with other studies which show that socioeconomic inequalities in blood pressure are weaker and less consistent in men than women. Particular caution is required in interpreting results for hypertension treatment and control as these were based on small numbers. Self-reported data for diabetes or hypertension treatment are also susceptible to bias according to socioeconomic position. It is possible that misclassification of exposure may differ between men and women, and this might contribute to this finding. We have only considered the independent associations of income and education and have not considered possible causal relationships among the variables included in the regression models. Singh-Manoux et al 34 observed that conclusions may differ if causal inter-relationships are modelled explicitly. This may be relevant because education may lead to higher incomes and obesity and abdominal fatness are considered to be causally linked to the development of both hypertension and diabetes through the insulin resistance syndrome. 35 
Conclusions
Our data show that in Trinidad and Tobago blood pressure was negatively associated with socioeconomic position in terms of income and education, but this relationship was only observed in women and not in men. In this middle-income country setting, socioeconomic inequalities in blood pressure appear to be evolving along the path already observed in high-income countries. Can this pathway be altered? 36 There is evidence that blood pressure can be reduced through public health interventions 37 but these have not yet been effective 7 when set in the context of a rapidly converging global cultural and economic environment. 
